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Appendectomy is still the most commonly per-
formed emergency surgical procedure. Despite
the routine use of prophylactic antibiotics that
target both aerobic and anaerobic organisms,
postoperative surgical wound infection (SWI) re-
mains the most common complication after ap-
pendectomy.1 Open wound management was
previously considered to be the standard of care
for most cases of acute appendicitis, particularly
cases of perforated appendicitis.2,3 However, in
the current environment of cost-conscious health
care delivery, there has been a trend toward pri-
mary closure of appendectomy wounds.
In the pediatric population, several prospec-
 tive trials have concluded that primary closure
y of all incisions is indicated after emergenc
appendectomy.4,5 In the adult population, some
authors have also recommended primary closure
of all wounds.6 This policy eliminates the neces-
gsity for painful and time-consuming dressin
changes. Presently, there seems to be an undocu-
mented bias that such approaches will achieve
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p < 0.001) and longer LOS (10 days vs. 7.9 days, p = 0.044). The readmission rate was also higher for patients
whose wounds were closed primarily; however, this difference was not significant.
Conclusion: Open wound management may be preferable to primary wound closure for perforated appen-
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cost savings through shortened hospital length
of stay (LOS).
This study compared the results of patients
with perforated appendicitis who received primary
wound closure vs. open wound management, 
including association with postoperative SWI,
hospital LOS and readmission rates.
Methods
Operative technique
The McBurney incision and muscle-splitting
technique was used. Care was taken to avoid
contamination of the subcutaneous tissue and
adjacent peritoneal cavity during the procedure.
Moist packs were used to isolate the cecum and
inflamed appendix. Appendectomy was performed
with ligation and inversion of the stump. The peri-
toneum, transverse muscle and aponeurosis of
the external oblique muscle were sutured in lay-
ers. Before skin closure, the wound was irrigated
copiously with warm saline. Scarpa’s fascia and
skin were closed with interrupted sutures. In
patients with perforated appendicitis, peritoneal
lavage after appendectomy was routinely per-
formed with warm saline until the return of clear
effluent. Soft rubber Penrose drains were placed
in the pelvis and paracolic gutter through a sepa-
rate wound in the abdominal wall. The skin and
subcutaneous tissue were closed primarily, or left
open and packed with Betadine-soaked gauze.
Subcutaneous drainage or blood transfusion was
not used in any of the patients.
Study population
The study population comprised 390 adult pa-
tients (age, ≥ 15 years) undergoing emergency
appendectomy for acute appendicitis in a general
hospital between January 2002 and December
2004. The following data were collected: age, gen-
der, American Society of Anesthesiologists (ASA)
classification, white blood cell (WBC) count on
admission, preoperative antibiotic administration,
operation time, hospital LOS, pathologic diagno-
sis and the presence of wound infection (defined
tas pus at the incision site). The pathology repor
was used to classify the resected appendix as nor-
mal, acute inflamed appendicitis or perforated
appendicitis. All the appendiceal perforations
identified by pathology were compatible with the
operative descriptions recorded by the surgeons.
In the perforated appendicitis group, additional
finformation was obtained regarding the extent o
peritonitis, duration of symptoms (time from the
fonset of symptoms to operation), management o
the wound and readmission rate after discharge.
Statistical analysis
gCharacteristics of patients were analyzed usin
Student’s t test for continuous variables and χ2
test for categorical variables. A p value of less
than 0.05 was considered to be statistically sig-
nificant. Data are presented as mean ± standard
error of the mean or as percentage.
Results
yThe demographic characteristics of the stud
population are summarized in Table 1. Of 390 pa-
tients who underwent emergency appendectomy,
59.7% were males and 40.3% were females.
R.A. Chiang, et al
792 J Formos Med Assoc | 2006 • Vol 105 • No 10
Table 1. Demographic characteristics of patients
n (%)
Total number of patients 390 (100)
Male 233 (59.7)
Female 157 (40.3)
ASA classification
I 266 (68.2)
II 100 (25.6)
III 24 (6.2)
Prophylactic antibiotics used 390 (100)
Wound management
Closed primarily 366 (93.8)
Left open 24 (6.2)
Wound infection 31 (7.9)
Readmission 3 (0.8)
ASA = American Society of Anesthesiologists.
Mean age was 35 years (range, 15–87 years). The
ASA classification indicates the preoperative as-
sessment of physical status and systemic disease
of the patients. WBC count on admission was
13,900 ± 300/mm3. Operation time was 48 ± 1.2
minutes, and hospital LOS was 4.0 ± 0.1 days. 
All patients received intravenous perioperative
prophylactic antibiotic therapy. Typically, the 
antibiotic regimen consisted of one dose of ce-
phalosporin before the skin incision and two
postoperative doses. If peritonitis was noted at
operation, intravenous antibiotics with anaero-
bic coverage were continued for at least 3 days.
Overall, 93.8% of the surgical wounds were
closed primarily, whereas 6.2% were left open at
the end of the operation. There were 31 patients
(7.9%) who developed wound infection that re-
quired the wound to be opened and packed.
Among them, three were readmitted. There was no
other major complication such as intra-abdominal
abscess or perioperative mortality.
Out of 390 appendices, acute inflamed appen-
dicitis was diagnosed in 266 (68%), perforated
appendicitis in 65 (17%), and no abnormalities
were found in 59 (15%). Postoperative SWI did
not occur in the normal appendix group, but had
an incidence of 4.5% (12/266) in the acute in-
flamed appendicitis group, and 29.2% (19/65) in
the perforated appendicitis group. The incidence
of postoperative SWI was 7.9%, 8.0% and 8.3%
in patients with ASA classifications I, II and III, re-
spectively. In the perforated appendicitis group,
the incidence of postoperative SWI was 28.6%
among patients with local peritonitis, and 30.4%
among patients with generalized peritonitis (Table
y2). Neither ASA classification in the entire stud
group nor the extent of peritonitis in the perfor-
ated appendicitis group was significantly associa-
ted with the development of postoperative SWI.
In the 65 patients with perforated appendicitis,
41 incision wounds were closed primarily, whereas
24 were left open at the end of the operation and
delayed primary closure performed after 5–7 days.
Table 3 shows the effects of the surgeons’ intra-
operative decision of which wound man tagemen
method to use on the postoperative course; there
were no differences in the duration of symptoms,
WBC count and operation time between patients
whose wounds were left open vs. yclosed primaril
(p = 0.283, 0.150 and 0.455, respectively). Wound
infection requiring incision, drainage and pack-
ing developed in 18 of 41 wounds (43.9%) closed
primarily but in only one of the 24 open wounds
(4.2%) (p < 0.001). Hospital LOS was signifi-
cantly longer for patients whose wounds were
closed primarily compared to those whose wounds
were left open (10 days vs. 7.9 days, p = 0.044).
fWound management in per orated appendicitis
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Table 2. Extent of peritonitis and incidence of
wound infection in patients with
perforated appendicitis
Extent of peritonitis Wound infection, n (%)
Local (n = 42) 12 (28.6)
Generalized (n = 23) 7 (30.4)
Total (n = 65) 19 (29.2)
Table 3. Comparison of primary wound closure vs. open wound management in 65 patients with 
perforated appendicitis*
Primary wound closure Open wound management p
(n = 41) (n = 24)
Duration of symptoms (d) 2.6 ± 0.3 2.1 ± 0.2 0.283
WBC (×1000) 14.9 ± 0.7 16.7 ± 1.0 0.150
Operation time (min) 62 ± 4 65 ± 5 0.455
Patients with SWI 18 (43.9) 1 (4.2) < 0.001
LOS (d) 10 ± 0.7 7.9 ± 0.7 0.044
Readmission 3 (7.3) 0 0.175
*Data are presented as mean ± standard error or n (%). WBC = white blood cell; SWI = surgical wound infection; LOS = length of stay.
Patients with perforated appendicitis who under-
went primary wound closure had a higher read-
mission rate compared with those whose wounds
were left open; however, this difference was not
significant (p = 0.175).
Discussion
This study found that the presence of appen-
diceal perforation was the most important factor
associated with the development of postopera-
tive SWI. The appendix had no pathologic ab-
normalities in 15% of patients. Previous studies
reported that negative pathologic findings in
10–20% of appendectomies and attempts to de-
crease the rate were accompanied by an increased
incidence of perforation.1,7,8
Some authors considered that preoperative
antibiotic administration allows for primary 
closure of appendectomy wounds despite data
suggesting that contaminated wounds have a
higher rate of SWI.9 This practice has been ag-
gressively pursued by the pediatric surgical com-
munity on the basis of its association with a
“low” incidence of infectious complications, the
elimination of painful and time-consuming dress-
ing changes and reduction in cost.5,6 Primary
wound closure of acute appendicitis with perfo-
ration has also found its way into the management
algorithm for adult patients, without adequate
assessment of adverse outcomes.
Open wound management of contaminated
wounds is a practical measure that has been used
for centuries.10 Theodor Billroth was a propo-
nent of open wound management in the 1860s.
His incisions were closed with only a few subcu-
taneous sutures in order to prevent sepsis.11 The
use of delayed primary closure was popularized
by military surgeons. Tremendous experience in
wound management was gained during two
world wars and the Korean conflict, in which de-
layed primary closure was performed only after
the appearance of a healthy wound, usually at 3–7
days.12 The decision by the surgeons to leave
wounds open in cases of perforated appendicitis
in the present series reflected their individual judg-
ment. Such a decision might suggest that these
patients had more severe inflammation. How-
ever, no significant difference was found in the
duration of symptoms, WBC count and operative
time between patients with perforated appendici-
tis whose wounds were closed or left open.
The incidence of postoperative wound infec-
tion after appendectomy substantially increases
with the severity of appendicitis, and most infec-
rtions occur after emergency appendectomy fo
perforated appendicitis.13–15 Bacterial contami-
rnation of the wound during surgery is the majo
factor responsible for the development of a sub-
sequent wound infection. The offending organ-
cisms are predominantly bacteria from the coloni
flora.16 Recently, several groups have published
updated guidelines for the choice of appropriate
prophylactic antibiotics in abdominal surgery.17,18
The 7.9% overall incidence of postoperative SWI in
your series is within the acceptable range defined b
the Centers for Disease Control with the National
Nosocomial Infection Surveillance System.9
This study found that primary wound closure
after appendectomy for acute appendicitis was
safe in the absence of clinical perforation. The
incidence of SWI in cases of histologically veri-
fied acute appendicitis without perforation was
4.5%, despite appropriate use of perioperative
antibiotic prophylaxis. The presence of appendi-
t ceal perforation, identified by the surgeon a
tthe time of operation, was the most importan
factor associated with the development of SWI.
fThese findings indicate that, in the presence o
perforation, wounds should be left open to avoid
an increased likelihood of wound infection and
longer hospital stay.
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